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Three Possible Methods for Evaluating the Hydrogen Diffusion Behavior Near the 
Vacancies
No Loading Deuterium Loaded Tritium Loaded
Both tritium and deuterium 
are initially populated 
randomly inside the tungsten 
and the three vacancies.
Deuterium is initially populated 
in the tungsten with three 
vacancies. Then tritium is 
added randomly.
Tritium is initially populated 
in the tungsten with three 
vacancies. Then deuterium 
is added randomly.
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Research Objective
Conclusions
Background
Results
The purpose of this research is to quantify hydrogen behavior near sub-surface defects and
bubbles in tungsten. The simulations results will provide insight into the possibility of
increased tritium retention within tungsten due to these defects, as well as the possibility
that the tritium can be removed through isotope exchange with deuterium.
Methodology
• The ITER is a large-scale fusion
tokamak under construction in France
to demonstrate a ‘burning’ fusion
plasma reactor.
• A current is circulating around the
doughnut-shaped vacuum chamber
and is heated to the point that
deuterium and tritium ions have so
much energy they can fuse and
release large amounts of energy.
• The plasma in the chamber is
contained by magnetic coils that
surround the vacuum chamber.
• Need: Very high temperatures,
sufficient particle density, and
sufficient confinement time.
• The focus of this project is the
divertor, a crucial component at the
bottom of the vacuum vessel.
• This part contains an inner and
outer vertical target and a dome
structure.
• Its purpose is to extract impurities
produced in the plasma produced by
the fusion reaction.
• This research explores the effects of
hydrogen behavior near the sub-
surface defects that form in tungsten,
the primary candidate chosen for the
divertor.
• Molecular Dynamics (MD) simulations were performed using Large-scale
Atomic/Molecular Massively Parallel Simulator (LAMMPS).
• The simulations involve a cube of tungsten atoms at 1200 K containing missing atoms
(vacancies) and a large number of deuterium (yellow) and tritium (blue) to asses the
potential of isotope exchange to reduce radioactive tritium retention.
Deuterium Loading
Vacancy 
Size % Deuterium % Tritium
1 69.74% 30.26%
6 54.26% 45.74%
• Overall, the results from this project show that the initial hydrogen loading in the
MD simulations does change the amount of tritium retained in tungsten vacancies.
• Future work will include using different temperatures, surface orientations, and
initial configurations in the MD simulations, with the ultimate goal of being able to
asses the potential of isotope exchange to minimize tritium retention in the divertor of
ITER.
• The tables provide the percentage of deuterium and tritium accumulated in the
single vacancies versus the six vacancy cluster from three to five nanoseconds of the
simulation.
• Regardless of the loading, the larger percent of deuterium or tritium favored the
atom that was most abundant in the vacancy on average.
• The graphs to the left show the total amount of hydrogen trapped in the vacancy
defects approaching saturation after roughly three nanoseconds.
Tritium Loading
Vacancy 
Size % Deuterium % Tritium
1 51.80% 48.20%
6 54.26% 45.74%
